ABSTRACT
INTRODUCTION
Amplification and typing of the variable number of tandem repeats (VNTR) locus D1S80 (9) and subsequent studies (4, 8, 17) have presented forensic scientists with a highly polymorphic marker useful for forensic case work. Validation studies have been reported using a commercially available kit for typing D1S80 alleles from forensic casework analysis (6) .
An infrared (IR) fluorescence automated DNA sequencer has been previously reported in the typing of VNTR loci (3,7,12), short tandem repeat (STR) polymorphism (15, 18) and three gender-determining loci (14) . In this current research, an effort was made to determine if the same automated on-line detection system using IR laser irradiation could also be used to detect D1S80 alleles from blood and body fluid samples collected on commercially available IsoCode ™ collection devices.
MATERIALS AND METHODS

Sample Collection and Extraction
All samples were collected on IsoCode devices (Schleicher & Schuell, Keene, NH, USA). Blood samples were collected by finger-prick method. Approximately 2 µ L of each blood sample were collected by direct spotting on Prototype 2b or by wicking onto the PCR Template Preparation Dipstick (Stix) devices (both from Schleicher & Schuell). Saliva samples were acquired from individuals by collection of sputum (approximately 500 µ L) in sterile petri dishes and spotted or wicked on each type of device. Nasal secretions were first collected on clean Kimwipes ® , and then the IsoCode devices were smeared with it. All samples were left at room temperature for approximately one to three months before extraction.
DNA was extracted by cutting roughly 1 square cm of stains from the Prototype 2b device or by using one of the triangles of the Dipsticks and placing them in sterile centrifuge tubes. After rinsing the papers in 500 µ L sterile distilled water by pulse-vortex mixing three times, the tubes were centrifuged, and water was removed with a sterilized pipet. Fifty microliters of sterile distilled water were added to each tube. The tubes containing the papers were then transferred to a heating block and heated for 30 min at 95°C.
DNA from each of the samples was quantitated using a QuantiBlot ™Human DNA Quantitation kit (19) from PerkinElmer (Norwalk, CT, USA). The concentration of template DNA used for amplification was in the range of 0.5-2.0 ng. K562 DNA obtained from a GenePrint ™STR Kit (Catalog No. DC4031; Promega, Madison, WI, USA) was used as a positive control. Blood, saliva and nasal secretions were also collected on cloth, blotting paper and Kimwipes, respectively, and were subjected to Chelex ® extraction (1) .
Two different strategies for automated IR fluorescent detection (11) of polymerase chain reaction (PCR) products from polymorphic regions have been described previously (7, 15, 18) . Briefly, the first strategy involved PCR primers that have a 19-base extension at their 5 ′ end. This sequence was identical to an IR-labeled universal M13 forward (-29) primer, which is included in the amplification reaction. During PCR, the tailed primers generate a complementary sequence to the M13 primer, which is subsequently utilized for priming in the amplification reaction, thereby generating IRlabeled PCR products.
In the second strategy, a limited quantity of IR-labeled deoxynucleotide (dATP) was included in the amplification reaction (14) . During DNA synthesis, the polymerase will occasionally incorporate the IR fluorescent molecule IRD40 into the growing DNA chain, thus producing PCR products internally labeled with the IR fluorophore.
A third strategy for the detection of the D1S80 alleles was used in the current research. D1S80 locus was amplified using amplification primers that flank the repeat region such that the forward primer was labeled at its 5 ′ -end with the IR fluorescent molecule IRD41. The structure of this dye and its use for forensic samples have been described previously (14) . The primer sequences for D1S80 locus were derived from a previously published report (9) . Both the IR-labeled forward and reverse primers were obtained from LI-COR (Lincoln, NE, USA). Both types of IsoCode devices, without any body fluid on them, were also extracted and amplified as negative controls.
Amplification Protocol
TaqDNA polymerase and its corresponding 10 ×PCR buffer was obtained from Boehringer Mannheim (Indianapolis, IN, USA). D1S80 alleles were amplified using PCR (16) methodology. Amplification of the locus was performed using either a MiniCycler ™(licensed for PCR; MJ Research, Watertown, MA, USA) with mineral oil overlay or in a Model 9600 Thermal Cycler (Perkin-Elmer) without any oil as described previously (13) .
Amplification and generation of a D1S80 ladder using a large degree of dilution have been described previously (2) . A similar approach using IRD41-labeled primer was pursued for amplification of the D1S80 ladder using a previously described protocol (13) .
Electrophoresis
The procedure for electrophoresis has been described in detail (15) . Briefly, a Model 4000 Automated DNA Sequencer (LI-COR) was used for gel electrophoresis and detection of the amplification products. Square-toothed combs (4.5-mm tooth spacing) were used for casting 25-cm-or 33-cm-long denaturing (7 M urea) Long Ranger ™gels (FMC BioProducts, Rockland, ME, USA) or the denaturing 6% polyacrylamide gels (18 cm in length). Electrophoresis was performed according to the protocol recommended by the manufacturer.
An aliquot of amplified reaction products (usually 2.0 µ L) was mixed with 5.0 µ L of loading buffer (Stop Solution, Catalog No. 82904459; LI-COR). For most gels, sample volumes ranging from 1.0-2.0 µ L were loaded in each lane.
RESULTS AND DISCUSSION
Amplification of the D1S80 locus and detection of the alleles are routinely performed in forensic laboratories. The goal of the current research was to use automation to detect D1S80 alleles from blood, saliva and nasal secretions collected on two types of IsoCode devices. DNA was eluted with sterile distilled water only, and no chemical reagents were necessary for the extraction. An infrared automated DNA sequencer using laser technology was used for the detection of the amplified PCR products (11) .
As demonstrated in Figure 1 , amplification of DNA from bloodstains, nasal secretions and saliva from one individual was successful (lanes 3, 4 and 5, respectively). All samples were collected on IsoCode Stix and exhibited the same alleles, 24 and 29. K562 DNA used as a positive control yielded the expected alleles, 18 and 29 (lanes 1 and 2). To validate the results obtained from samples collected on IsoCode devices, similar samples from the same individual were collected on other types of substrates and subjected to Chelex extraction. The extracted DNA was amplified under the same conditions as described for IsoCode devices, and samples were analyzed using the automated DNA sequencer. The profiles obtained were identical (Figure 2 ). Blood and saliva stains obtained on cotton cloths and extracted with Chelex (lanes 2 and 3) yielded the same allele types, 24 and 29, as the DNA extracted from Prototype 2b papers (lanes 4, 5 and 6) and from IsoCode Stix (lanes 7, 8 and 9 ), respectively.
Samples amplified using the MiniCycler (Figure 1 ) and Model 9600 Thermal Cycler (Figure 2 ) yielded similar results. While a 25-cm or a 33-cm, 0.25-mm thick, 6% Long Ranger gel, as shown in Figure 1 and Figure 2 , respectively, resolved the allelic bands, similar results were also obtained with a shorter (18 cm), 0.4-mm-thick, 6% polyacrylamide gel (data not shown).
Examination of the lanes containing products of amplification of K562 DNA, indicate possible preferential amplification of the lower molecular weight band. This phenomenon appears to be more enhanced in samples where the alleles differ in size by a greater amount (data not shown). Preferential amplification of the lower molecular weight allele is possibly due to the end-labeled primers used in the reactions. Using the labeled primer eliminates the need for removal of unincorporated label; however, the end label primer introduces only one tag on each DNA molecule as opposed to the entire molecule being stained as in silver-stain technology. This may result in an imbalanced signal if the larger alleles do not amplify as well as the smaller alleles. The authors are currently investigating this phenomenon in greater detail.
Using silver-stain technology, D1S80 locus has been typed successfully from as little as 125 pg of template DNA in multiplex reaction with amelogenin primers (5). A preliminary study using varying amounts of template DNA in single and mixed sample amplification indicate that D1S80 alleles could be typed successfully from only 31.25 pg of template DNA by using the LI-COR Model 4000 Automated DNA Sequencer (13) . The sequencer is capable of detecting as little as 15 amol of labeled primer (10) .
The LI-COR automated sequencer uses IR fluorescence chemistry and laser technology. This eliminates the necessity of using radioactivity or post-electrophoretic gel handling required with silver stain and some fluorescent detection systems. Because of its IR dye technology, the LI-COR system is much more affordable for a smaller laboratory system, and yet it provides the throughput needs of a large laboratory. More than one system can be run on a single multi-tasking computer, allowing higher throughput and increased flexibility, especially in a multi-user environment.
Raw data are collected and visualized in real time using the automated sequencer, and this allows the visualization of even the higher molecular weight products in less than 2 h. The resulting image files can be analyzed with Gene ImagIR ™ Software (LI-COR), which also analyzes peak area, peak volume, density and quantitation. Images can be automatically analyzed to identify lanes, samples and band sizes. Image analysis can be performed on the same computer that controls the instruments or on a different computer in a separate location. For added efficiency, gels can be loaded with a multichannel pipettor, and each gel run up to three times, thus reducing the time required for gel preparation and pre-electrophoresis. Loading a 64-lane gel three times, high sample throughput can be achieved. The infrared dye system is cost competitive, and the cost of the labeled primer is approximately 6 cents per reaction.
This study demonstrates that IsoCode Stix and Prototype 2b devices from Schleicher & Schuell are reliable storage materials for eventual isolation of DNA and detection of the D1S80 alleles from known reference samples. The extraction procedure is a simple water elution, and no extra reagents are required. Since DNA template is obtained after only an elution step, IsoCode paper-based devices are amenable to amplification of the D1S80 locus without time-consuming extraction procedure. The cost of the IsoCode papers for one amplification is approximately 10-28 cents, depending upon the type of device used. Since the matrix is virucidal and bactericidal, the devices also allow storage of samples on papers at room 944BioTechniques
Vol. 23, No. 5 (1997) Figure 2 . D1S80 typing from simulated forensic samples collected on Prototype 2b and IsoCodeStix and resolved on a 33-cm gel. Lane 1 was K562 positive control DNA. Lanes 2 and 3 were DNA from blood and saliva, respectively, extracted with Chelex. Lanes 4, 5 and 6 were blood, nasal secretion and saliva, respectively, collected on Prototype 2b paper and lanes 7, 8 and 9 were blood, nasal secretion and saliva, respectively, collected on IsoCode Stix. All samples were collected from one individual. L denotes D1S80 ladder. All samples were amplified using a Model 9600 Thermal Cycler. Samples were resolved on a 0.25-mm-thick, 6% Long Ranger gel run at constant 1500 V. Time from load to image completion was less than 2 h. temperature for later use. Samples on these devices can also be shipped through regular mail without the need for dry ice.
